Inhalational anthrax (IA) is a rapidly progressive disease that frequently results in sepsis and death, and prompt recognition is critical. To distinguish IA from other causes of acute respiratory illness, patients who had IA were compared with patients in an ambulatory clinic who had influenza-like illness (ILI) and with hospitalized patients who had community-acquired pneumonia (CAP) at the initial health care visit. Compared with patients who had ILI, patients who had IA were more likely to have tachycardia, high hematocrit, and low albumin and sodium levels and were less likely to have myalgias, headache, and nasal symptoms. Scoring systems were devised to compare IA with ILI or CAP on the basis of strength of association. For ILI, a score of у4 captured all 11 patients with IA and excluded 664 (96.1%) of 691 patients with ILI. Compared with patients who had CAP, patients with IA were more likely to have nausea or vomiting, tachycardia, high transaminase levels, low sodium levels, and normal white blood cell counts. For CAP, a score of у3 captured 9 (81.8%) of 11 patients with IA and excluded 528 (81.2%) of 650 patients with CAP. In conclusion, selected clinical features of patients with IA differ from those of patients with ILI and are more similar to those of patients with CAP.
follows [3] . Of 11 patients with confirmed IA, all became critically ill, and 5 died [4, 5] . For these patients, nonspecific symptoms, including fever and cough, marked the early stage of illness, making it difficult to distinguish IA from other common causes of acute respiratory infection.
Direct exposure to envelopes containing B. anthracis spores or to spore-contaminated postal equipment was the probable mode of disease acquisition for 9 of the 11 patients with confirmed IA; for 2 others, the nature of exposure was unknown [6] . The possibility of future use of B. anthracis as a bioterrorist agent (delivered through the mail or via other new criminal methods of dissemination) makes it prudent to include IA in the differential diagnosis of acute respiratory illness if there are epidemiological risk factors for exposure. Seasonal outbreaks of acute respiratory illness may make identification of bioterrorism-related clusters of IA even more difficult, particularly if risk factors for exposure are unknown at the time of attack [7] .
The clinical management of acute respiratory illnesses can vary widely depending on the etiology. The majority of acute respiratory illnesses for which an etiology can be determined are caused by viral pathogens (e.g., influenza virus, parainfluenza virus, respiratory syncytial virus, rhinovirus, and adenovirus) [8, 9] . These viral infections are grouped together under the term "influenza-like illness" (ILI) because of their similar presenting symptoms. ILI is generally regarded as upper respiratory in origin and has a self-limited course, although lower respiratory tract infection, including secondary bacterial infection, can occur [10] [11] [12] [13] . In contrast, community-acquired pneumonia (CAP) requires medical management, including antimicrobial treatment and, in many instances, hospitalization; in adults, when an etiology can be determined, it is most often caused by Streptococcus pneumoniae or other bacterial pathogens [14] . Depending on disease stage at the initial health care visit, IA may have clinical features of either ILI or CAP. Rapid treatment and supportive management, including appropriate antimicrobial therapy, may be critical early in the clinical course [4] . Because rapid diagnostic tests for IA currently are not available, selected clinical features, in addition to evaluation of exposure history, may be important to aid clinicians in discriminating IA from other causes of acute respiratory illness at the initial visit.
We used existing databases to identify clinical features that differentiate IA from other causes of acute respiratory illness. Specifically, we compared signs, symptoms, and laboratory values for patients with IA, patients in an ambulatory clinic who had ILI, and patients who required hospitalization for CAP, to determine which clinical features were most useful in discriminating IA from other common causes of acute respiratory illness.
METHODS
Patients with IA were identified through clinician reports and active and passive surveillance by state and local public health authorities. The diagnosis of IA was confirmed by laboratory testing at the Centers for Disease Control and Prevention (CDC; Atlanta, GA) [15] . Data regarding signs, symptoms, and laboratory testing values (i.e., hematology and serum chemistry) measured at the time of initial health care visit were reviewed and extracted from patient medical records by the authors. Characteristics of patients who had IA were compared with those of patients who had ILI or CAP.
Data sources for comparison groups. Data for comparison with patients who had IA were retrospectively obtained from 2 independent databases. First, data for 2203 patients at an ambulatory clinic who had influenza or other causes of ILI were combined from 5 clinical trials designed to evaluate the effectiveness of zanamivir (Relenza; GlaxoSmithKline) for the treatment of influenza. The trials were conducted and funded by GlaxoSmithKline from 1994 through 1998. All enrolled patients had either subjective or objective evidence of fever (i.e., feverishness or a temperature of 137.8ЊC) and у2 of the following symptoms at the time of initial clinic visit: headache, myalgias, cough, or sore throat. The following variables were examined: temperature; heart rate; WBC count and differential; hematocrit; hemoglobin level; platelet count; serum levels of sodium, potassium, alanine aminotransferase (ALT), aspartate aminotransferase (AST), bilirubin, albumin, calcium, blood urea nitrogen (BUN), and creatinine; and the presence or absence of cough, sore throat, nasal symptoms (i.e., rhinorrhea or nasal congestion), headache, myalgias or arthralgias, and fatigue.
Respiratory specimens were obtained from all patients for culture for influenza virus, and they were obtained from selected patients for PCR. In addition, blood samples were obtained at the time of study enrollment and again 3-4 weeks later for serological testing for antibodies to influenza virus by hemagglutination inhibition. Persons with either a 4-fold increase in hemagglutination inhibition titer, a positive result of culture for influenza virus, or a positive PCR result were defined as having laboratory-confirmed influenza [16] .
The second comparison database included 784 patients enrolled in the North American Pneumonia Etiology Study at 34 sites in the United States and Canada from 1995 through 1999 (funded by Pfizer and conducted in collaboration with the CDC). All patients enrolled in the study were 116 years of age and were hospitalized because of acute CAP confirmed by chest radiography. Blood cultures were performed for all patients in the study. Variables examined at the time of hospital admission included the following: temperature; heart rate; WBC count and differential; serum levels of sodium, ALT, AST, calcium, and BUN; and the presence or absence of cough, sore throat, nasal symptoms, headache, myalgias or arthralgias, abdominal pain, diarrhea, nausea or vomiting, pleuritic chest pain, dyspnea, and chills.
Data analysis. Data from the 3 sources were stripped of personal identifiers and combined for comparison. For control subjects, we included only patients aged у40 years to more closely approximate the age distribution of patients with IA. On univariate analyses, 2-way comparisons were done between patients who had IA and each comparison group by Fisher's exact test. Patients who had IA were compared with all patients who had ILI and with subgroups of patients who had laboratory-confirmed influenza or some other ILI. Patients who had IA also were compared with all patients who had CAP and with subgroups of patients for whom blood cultures did or did not yield S. pneumoniae. Symptoms were analyzed as dichotomous variables (i.e., present or absent). Quantitative vital sign [17, 18] . Tachycardia was defined as a heart rate of 1100 beats/min.
Variables were included in multivariable analyses if they were found to be predictors (i.e., ) on univariate analysis when P ! .10 compared with those of patients who had ILI or CAP. These variables were added to multivariable stepwise logistic regression models to generate a logistic discriminant function that maximally differentiated patients with IA from patients with ILI or CAP. Two separate models were run for each comparison with ILI and CAP; the first included only variables for which data were complete for a minimum of 9 patients with IA, and the second included variables for which data were complete for a minimum of 10 patients with IA. Variables for which data were missing for у3 patients with IA were excluded from all logistic regression models. Analyses were done with SAS, version 8.02 for Windows (SAS Institute).
After logistic discriminant functions were generated for each comparison, a simple additive scoring system was designed by allocating risk factor points for each variable proportionate to strength of association for each variable identified as significant by either model. Because of extreme variability associated with the estimated coefficient for each variable in the model, the lower limit of the 95% CI of the OR was chosen to estimate the strength of association. A lower limit of the 95% CI of the OR of у1.5 was taken to indicate a stronger association, whereas a value of !1.5 was considered to reflect a weaker association. Separate scoring systems were devised and applied for comparing IA with ILI and comparing IA with CAP. Receiver operating characteristic curves were used to describe sensitivity and specificity of classification for each scoring system [19] .
RESULTS
Of 1352 patients in the combined database, 11 (0.8%) had IA, 691 (51%) had ILI, and 650 (48%) had CAP. Four hundred seventy-three patients with ILI (69%) had laboratory-confirmed influenza. Forty-three patients with CAP (6.6%) had pneumococcal bacteremia. Patients with ILI were younger than those with IA (median age, 49 vs. 56 years, respectively; ); P p .01 patients with IA did not significantly differ from patients with CAP with regard to age (median age, 56 vs. 68 years, respectively;
). No significant differences were noted in sex distri-P p .1 bution between patients with IA and those with ILI (7 ). P p . 23 The median duration between symptom onset and the initial health care visit was longer for patients with IA than it was for those with ILI (median duration, 72 vs. 28 h, respectively;
), but there was no difference for patients who had IA P ! .05 compared with those who had CAP (median duration, 72 vs. 120 h, respectively;
).
Comparison by univariate analysis of signs and symptoms for patients with IA versus those with ILI or CAP is shown in table 2. In summary, patients with IA were significantly less likely than patients with ILI to have sore throat, nasal symptoms, headache, or myalgias; in contrast, presence of these symptoms was similar for IA and CAP groups. There was no significant difference in the presence of fever or cough between patients with IA and those with ILI or CAP. Tachycardia was more common among patients with IA than among those with either ILI or CAP. Patients with IA were significantly more likely than those with CAP to report nausea or vomiting or chest pain (e.g., chest discomfort or pleuritic chest pain). Comparison by univariate analysis of laboratory findings for patients with IA versus those with ILI or CAP is shown in table 3. In summary, patients with IA were more likely to have an abnormally high WBC count than were patients with ILI, but they were significantly less likely to have a high WBC count than were patients with CAP. Patients who had IA were more likely to have high transaminase (i.e., ALT and AST) levels and low sodium levels than were patients with either ILI or CAP. Patients with IA also were significantly more likely to have high levels of BUN, low platelet counts, high serum bilirubin levels, low serum calcium levels, and low serum albumin levels than were patients with ILI. When patients with IA and the subset of patients with CAP and pneumococcal bacteremia were compared, the presence of tachycardia and hyponatremia no longer remained significant.
On multivariable analyses comparing patients with IA and those with ILI, patients with IA were less likely to have myalgias, headache, or nasal symptoms and were more likely to have tachycardia, low serum sodium levels, high hematocrit or hemoglobin levels, and low serum albumin levels (table 4). A scoring system was devised by allocating risk factor points proportionate to strength of association to the 7 significant variables from the multivariable analyses comparing patients who had IA with those who had ILI. Tachycardia, low serum albumin levels, and lack of nasal symptoms were found to have a relatively stronger association and were assigned 2 points each, whereas low serum sodium levels, high hematocrit or hemoglobin levels, lack of headache, and lack of myalgias had a weaker association and were assigned 1 point each (table 5) . Scores for IA and ILI were significantly different (median score for IA vs. ILI, 6.0 vs. 0;
). In a comparison of patients P ! .0001 who had a score of у4 versus those who had a score of !4, a score of у4 was found to capture all 11 patients with IA (i.e., 100% sensitivity) while excluding 664 of 691 patients with ILI (i.e., 96.1% specificity; figure 1 ). Use of alternative score cut points did not improve sensitivity or specificity. The sensitivity and specificity did not change meaningfully when the analysis was restricted only to those patients without missing data for any variable or when restricted to the subset of patients who had laboratory-confirmed influenza.
On multivariable analysis comparing patients with IA and those with CAP, patients with IA were more likely to have nausea or vomiting, tachycardia, elevated transaminase levels, hyponatremia, and a normal WBC count (table 6). A second scoring system was devised by allocating risk factor points to the 5 significant variables on multivariable analyses comparing patients who had IA with those who had CAP. All 5 variables were determined to have approximately equal strength of association and thus were weighted 1 point each (table 7) . Scores for patients with IA were significantly different from those for patients with CAP (median score for IA vs. CAP, 4.0 vs. 2.0; ). In a comparison of patients with a score у2 versus P ! .0001 those with a score of !2, a score of у2 was found to capture all 11 patients with IA (i.e., 100% sensitivity) while excluding 310 of 650 patients with CAP (i.e., 48% specificity); when the cut point was changed to a score of у3, sensitivity decreased to 82% but specificity increased to 81% (figure 2). Comparison of patients with IA and those with CAP and pneumococcal bacteremia separately decreased specificity further (33% for a score of у2 and 70% for a score of у3; receiver operating characteristic curve not shown). Sensitivity and specificity did not change meaningfully when the analysis comparing patients with IA versus those with CAP was restricted only to those patients without missing data for any variable. 
DISCUSSION
IA has been described as a biphasic illness that is marked by an initial nonspecific phase characterized by fever, cough, and myalgias, followed by rapid progression to septic shock [20] . Until recently, assessment of risk for anthrax in the United States was based on travel history to areas of endemicity or exposure to certain imported or domestic animal products; patients with anthrax were extremely rare and not temporally clustered [20] . It is possible that, in a future, large-scale bioterrorist attack, which would resemble an outbreak of ILI or some other acute respiratory infection, clusters of persons with acute respiratory illness due to IA may seek care in emergency departments. In a setting in which the pretest probability of bioterrorism-related illness is elevated, in addition to use of epidemiological risk assessment, identification of a combination of vital signs, clinical history, and basic laboratory tests that discriminate IA from ILI with the highest possible sensitivity might be useful, depending on the need for high specificity. Clinical features have been used to differentiate other clusters of emerging or reemerging diseases by means of similar approaches, including use of discriminant functions, scoring systems, or flow charts [21, 22] . The majority of patients who had IA associated with this recent bioterrorist event had fever, cough, tachycardia, dyspnea, chills, fatigue, chest pain, and nausea or vomiting and lacked sore throat or nasal symptoms at the initial health care visit [4] . Comparison of patients who had IA with patients who had ILI revealed significant differences in the presence of myalgias, nasal symptoms (defined as rhinorrhea or nasal congestion), and tachycardia on initial presentation; hypoalbuminemia, hyponatremia, and hemoconcentration also were suggestive of IA. The clinical indicators that occurred more frequently in patients with IA than they did in patients with CAP included tachycardia, nausea or vomiting, elevated transaminase levels, hyponatremia, and normal WBC count. We developed a clinical scoring system that was able to discriminate all patients with IA from ∼96% of the patients from ambulatory clinics who had ILI; hospitalized patients with CAP were more difficult to differentiate. Signs, symptoms, and laboratory abnormalities associated with IA that we identified in our analyses are consistent with the pathophysiology of B. anthracis infection via the inhalational route. After inhalation, B. anthracis spores are deposited in alveolar spaces and engulfed in macrophages, where germination to the vegetative form occurs. After transport to mediastinal lymph nodes, toxin production and continued replication results in hemorrhagic necrosis with fulminant bacteremia [2, 3, 20] . Thus, some symptoms suggestive of ILI, such as fever and cough, usually are present, but symptoms of upper respiratory infection, such as nasal congestion, generally are not noted. Later, clinical features of sepsis become more evident, as reflected by hypoalbuminemia, hyponatremia, and hemoconcentration.
Among the comparison groups we examined, univariate analyses indicated that the clinical features of IA most closely resembled those associated with the subset of patients with CAP who had pneumococcal bacteremia. For example, 80% of patients with IA and 53% of patients with pneumococcal bacteremia were hyponatremic. Hyponatremia has been associated with bacterial pulmonary processes; this abnormality has been most notably associated with legionnaires disease but also has been reported in patients with pneumococcal pneumonia [23, 24] . Hypoalbuminemia, hyponatremia, and hemoconcentration are consistent with movement of fluids from intravascular to extravascular fluid compartments, which occurs in systemic infection and sepsis [25] . Hyponatremia was recently reported in an infant with bioterrorism-associated cutaneous anthrax [26] .
In evaluation of a patient with acute respiratory infection, health care providers are likely to first make a decision whether a patient has a disease process requiring outpatient care or hospitalization on the basis of vital signs, the presence or absence of key symptoms, and laboratory testing. After a decision to hospitalize the patient is made, the choice of empirical antimicrobials and more-extensive testing to further narrow the differential diagnosis are considered. In accordance with this model, the most logical approach was to compare patients who had IA with patients in ambulatory clinics who had ILI and then with hospitalized patients who had CAP.
We attempted to identify clinical features that, in a situation in which suspicion of B. anthracis is high, should prompt further evaluation and empirical treatment beyond that considered appropriate for acute respiratory illness in healthy persons. We did not analyze radiographic findings, because most ambulatory clinic patients with ILI would be unlikely to undergo chest radiography in the standard course of care, and patients with CAP would have abnormal results by definition. Rather, this algorithm was designed to assist in the clinician's decision to perform chest radiography and other diagnostic tests (e.g., blood cultures) when a patient presents with nonspecific upper respiratory tract infection and to help in discriminating IA from more-common causes of lower respiratory processes when the chest radiograph findings are abnormal, in a setting in which the suspicion for IA is high. Algorithms or prediction rules have been useful for improvement of pretest probability for chest radiography when CAP is suspected [27, 28] .
According to our assessment algorithm, in a situation in which risk for exposure to B. anthracis is believed to be high, if a patient in an ambulatory clinic being evaluated for acute respiratory infection has a score suggesting clinical features consistent with IA, simple diagnostic tests, such as chest radiography and blood cultures, must be considered as minimal evaluation to further investigate the possibility of B. anthracis infection. If a patient is being admitted to the hospital because of the possibility of CAP, in addition to the usual diagnostic tests, a score suggestive of clinical features consistent with IA might prompt further testing, such as CT. This approach also might include empirical treatment with antimicrobials effective against B. anthracis infection while awaiting diagnostic test results.
This study had 4 main limitations. First, our analyses were limited by the small number of patients who had IA and by the retrospective nature of the clinical study data for patients with ILI or CAP. Thus, not all laboratory measurements of interest were available for each comparison group, and we were unable to create a combined scoring system comparing IA, ILI, and CAP simultaneously. Second, use of clinical trial data may have introduced bias, because these patients may not represent the entire spectrum of illness for ILI and CAP because of restrictive study criteria for inclusion or exclusion. Furthermore, signs or symptoms required for study entry may have skewed differences found on analysis, although study treatment likely had no effect, because data used for analysis were collected before treatment for all comparison groups. Comparisons also may have been skewed by the underlying demographic characteristics of those with the greatest B. anthracis exposure-for example, postal workers-which may have affected such risk factors as age and smoking history. Third, we examined clinical features only at the time of initial presentation. Because IA is a dynamic and rapidly progressive disease, clinical features noted during the initial health care evaluation are probably quite variable, and their significance may vary dramatically depending on the time at which a patient seeks health care and in a pattern different from that of ILI and CAP. Finally, we were unable to validate our results, because there was no similar population of patients with IA that was appropriate for comparison; in addition, the small number of cases in the data set did not allow formal evaluation of model performance characteristics.
In summary, we conclude that the clinical features of patients with IA and of ambulatory clinic patients with ILI can be readily discriminated with high sensitivity and specificity. Because many clinical features of IA were more generally indicative of a septic process, results of comparison between patients with IA and hospitalized patients with CAP were less discriminating. Because the model constructed to compare patients who had IA with those who had CAP does not allow high simultaneous sensitivity and specificity, it may be of best use in conjunction with additional diagnostic testing. Both scoring models are most useful in conjunction with assessment of epidemiological risk or in settings of known exposure, in which clinical suspicion is high after a recognized bioterrorist event because of dissemination of B. anthracis spores.
